and has developed with them.6 In chemistry and biology, mathemat-
ics has begun to move forward swiftly in recent years. For example,
reaction-diffusion mechanism study in both fields has involved the non-
linear generation of wave patterns, pulses, and shock fronts which are
phenomenologically new and require new modes of analysis. In geo-
physical sciences, analytical approximation to atmospheric, oceanic, and
elastic wave motions has produced new interpretations with which to
forecast weather and predict earthquakes.

In all these fields, considerable interest focuses on the new, non-
linear phenomena associated with strong force and energy interactions,
discrete-continuous interactions, or the more subtle low-energy nonlin-
earities of the biological world, phenomena which will dominate much
of the mathematics of science from now on. We already see this in the
fascination with solitons, chaos, and bifurcation and singularity theories.

In some ways, this is a testing time for mathematics because it
requires developing far more complex concepts and structures than those
of the 19th-century linear world. The work is well begun. Topological
and analytical methods of ergodic theory and dynamical systems theory
are helping unravel such challenging problems as turbulence.7

2. Gauge Field Theory

Mathematical research, driven by its inner dynamics, has devel-
oped concepts important for gauge field theory in physics. The physi-
cist C. N. Yang wrote, "I found it amazing that gauge fields are exactly
connections on fibre bundles, which the mathematicians developed with-
out- reference to the physical world." Algebraic geometry produced all
self-dual solutions for the Yang-Mills equations. But the physical theory
also had important consequences in topology.

Physicists introduced gauge theories in four dimensions (space-time)
as a unifying principle in field theory. The study of Yang-Mills equations
of motion led Donaldson to a remarkable description of certain four-
dimensional spaces. A little earlier, Ereedman, using purely topologi-
cal methods, had produced a comprehensive theory of four-dimensional
manifolds. In all other dimensions there is essentially one mode of doing
calculus in a Euclidean space: Euclidean space of dimension n has a
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See Jaffe's paper, Appendix C.

A brief appreciation of where we stand on this problem is given in Attachment 2,
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